INTRODUCTION
============

The common fibular nerve (CFN) is divided with the tibial nerve---a branch of the sciatic nerve---and is located in the lateral side compared to the tibial nerve. The CFN courses down from the medial side of the biceps femoris tendon in the popliteal fossa and progresses to wrap the fibular head (FH). Further, it distributes the articular branch right after and eventually is separated into the superficial and deep fibular nerves \[[@b1-arm-2019-43-6-700]\].

Traumas such as bone fracture around the knee, severe ankle inversion, and direct nerve trauma cause CFN injury. However, compressive etiology is commonly observed \[[@b2-arm-2019-43-6-700]\]. Many bedridden patients in the intensive care unit have common fibular neuropathy due to nerve compression because of the position that the hip joint is externally rotated and the knee joint is flexed while in the supine state. Gravity, the shape of the lower extremity, and malnutrition contribute to the compression of the CFN, and pneumatic compression---a technique used to prevent deep venous thrombosis---is also believed to cause the compression of the CFN \[[@b3-arm-2019-43-6-700]\]. However, even in a similar environment, each individual differs in terms of nerve injury; thus, anatomy of the CFN around the FH must be assessed.

According to a case report by Khalil et al. \[[@b4-arm-2019-43-6-700]\], the lateral cutaneous nerve of the calf (LCNC) is the nerve responsible for lateral sensory in the proximal lower leg and popliteal fossa. In addition, the symptom of damage to the LCNC is similar to that of L5 radiculopathy; thus, examiners usually consider the latter, which is more likely to occur in patients presenting such symptom as tingling sense and hypoesthesia in the lower leg (predominantly in the lateral side). The LCNC is usually divided from the lateral sural cutaneous nerve (LSCN)---the branch of the CFN---and courses down in the lateral side ([Fig. 1](#f1-arm-2019-43-6-700){ref-type="fig"}). However, the branching pattern of this nerve is extremely diverse and difficult to explain in detail.

This study aimed to assess the branching patterns of the CFN, including the LSCN and LCNC, and the relationship between the CFN and FH.

MATERIALS AND METHODS
=====================

A total of 21 limbs from 12 fresh cadavers were dissected (7 men, 5 women). The median age of cadavers was 79 years (range, 65--89 years). While in the prone position, the skin and subcutaneous tissue of the cadavers were dissected from the mid-thigh to the mid-leg and the course of the CFN around the FH and its branching patterns were examined. Because the LSCN, medial sural cutaneous nerve, and LCNC are extremely thin and superficially located, their dissection was difficult and complicated. The Institutional Review Board has confirmed that this cadaveric study is not subject to review.

On the mid-FH level, the width of the FH (FH_width) and distance between the anterior margin of the FH and CFN (FH_CFN) were measured using the Vernier caliper (Model S-19515; Shinwa Rules Co. Ltd., Sanjo, Japan) ([Fig. 2](#f2-arm-2019-43-6-700){ref-type="fig"}). The course of the CFN around the FH was classified into two types: the cross type in which the CFN passes over the FH, and the posterior type in which the CFN is located posterior to the FH on the mid-FH level. If the ratio of the FH_CFN to FH_width was \<1, it was considered the cross type, whereas if it was ≥1, it was considered the posterior type.

The angle of the CFN to the vertical line of the lower limb 5 cm proximal to the tip of the FH was measured using a protractor.

The Mann--Whitney U test was used to assess whether there was a significant difference between the cross type and posterior type for the age, FH_CFN, FH_width, ratio (FH_CFN /FH_width), and angle.

Needle marking was done at the popliteal fossa (superior margin) and at 7 cm, 5 cm, and 2 cm proximal to the tip of the FH, midpoint of the FH, and fibular neck, respectively. Subsequently, thicknesses of the CFN were measured using the Vernier caliper at all sites.

The LCNC was extremely thin and had various origins. The branching pattern of the LCNC was classified according to its origin: type 1a, from the lateral side of the CFN; type 1b, from the medial side of the CFN; type 2, from the LSCN; and type 3, from the lateral side of the CFN and LSCN. The distance between the tip of the FH and branching point of the LCNC was measured using the Vernier caliper.

RESULTS
=======

The median thigh length, that is, the distance from the ischial tuberosity to the FH, was 335 mm (range, 279--385 mm).

In [Table 1](#t1-arm-2019-43-6-700){ref-type="table"}, various factors for each cross and posterior type were summarized. At the mid-FH level, the common course of the fibular nerve was observed across the FH in 15 cases and posterior to the FH in 6. In the cross type of the CFN around the FH, median values of the FH_CFN and FH_width were 20.0 and 26.8 mm, respectively, and the ratio of FH_CFN to FH_width (FH_CFN/FH_width) was 0.83. In the posterior type, median values of the FH_CFN and FH_width were 23.0 and 21.5 mm, respectively, and the ratio of FH_CFN to FH_width (FH_CFN/ FH_width) was 1.04. FH_width and ratio (FH_CFN/FH_width) had statistically significant results, with p-values of 0.023 and 0.000, respectively.

Next, median values of the angle between the CFN and tibial nerve in the 5 cm proximal position of the FH were 13.0° in the cross type and 11.0° in the posterior type. The CFN with a greater angle was driving closer to the FH. Therefore, the cross type had a greater angle than the posterior type, but without statistical significance.

Median values of the thickness of the CFN were measured for each sites. The thickness of the CFN was still 9.8 mm before it split with the tibial nerve in the popliteal fossa (superior margin). The thickness was reduced to 4.5 mm at the 7 cm proximal to the FH, and then 5.0 mm and 5.0 mm. However, it increased to 6.2 mm at the FH and to 8.6 mm at the fibular neck ([Fig. 3](#f3-arm-2019-43-6-700){ref-type="fig"}).

[Table 2](#t2-arm-2019-43-6-700){ref-type="table"} shows various branching patterns of the LCNC. Type 1a was observed in 5 cases, type 1b in 5, type 2 in 10, and type 3 in 1. In addition, distances between the branching point of the LCNC and FH were measured in [Table 2](#t2-arm-2019-43-6-700){ref-type="table"}. The LCNC was branched at 30.0 mm distal to the FH for type 1a, 10.1 mm for type 1b, 24.0 mm for type 2, and 13.0 mm for type 3 as the median value.

Actual dissection images and simple representation of the branching pattern in each type are classified, and the yellow line represents the LCNC ([Fig. 4](#f4-arm-2019-43-6-700){ref-type="fig"}).

DISCUSSION
==========

According to Van den Bergh et al. \[[@b1-arm-2019-43-6-700]\], anatomically, the relatively little epineurium supporting the tissue around the FH, superficial placement of the CFN, thin and weak nerves, and ossification of the peroneus longus muscle origin may cause compression of the CFN. The proximal bifurcation of the CFN is prone to injury, especially during arthroscopic knee surgeries. In most cases, there is very little fat around the FH, and the CFN runs just around the FH, attached completely to the FH, where it is susceptible to compression. Moreover, the CFN is thinner than the tibial nerve. In many cases in the present study, the CFN crossed the FH instead of running posterior to it. In patients who are bedridden for a prolonged time, damage to the CFN may occur if the knee is held at a lateral rotation position for a long duration.

The course of the CFN in the present study can provide information for the accurate stimulation of the nerve around the FH. Many textbooks recommend stimulation sites around the FH as just below and lateral to the FH or a few centimeters distal to the FH \[[@b5-arm-2019-43-6-700],[@b6-arm-2019-43-6-700]\]. As per [Table 1](#t1-arm-2019-43-6-700){ref-type="table"}, the CFN crosses the FH but can also pass posterior to the FH. Therefore, when an examiner stimulates this nerve at the FH, they should stimulate a relatively wide area and determine a point where a good amplitude, that is, the maximum response from pure CFN, can be observed.

The thickness of the CFN varied according to the level, as shown in [Fig. 3](#f3-arm-2019-43-6-700){ref-type="fig"}. As the CFN moves towards the FH, space became smaller and its cross-section took on an oval shape. In addition, most cadavers in this study were from patients who had been bedridden for an extended duration; thus, compression of the fibular nerve may have occurred. Lateral knee compression (as can occur during bed rest with lateral rotation of the leg) and malnutrition are commonly comorbid with bed rest or prolonged surgery. Because malnutrition leads to weight loss, it may act as a confounder when considering positioning as the cause of fibular nerve neurapraxia \[[@b3-arm-2019-43-6-700]\].

In a case study performed by Hackam and Zwimpfer \[[@b7-arm-2019-43-6-700]\], the patient showed symptoms of tingling, numbness, and pain in the right calf. The Tinel sign was positive at the distal popliteal fossa. On physical examination, motor weakness and sensory loss related to the CFN were not observed, and electrophysiologic examination of the CFN revealed normal results. In surgery, the LCNC was entrapped in the biceps femoris tendon, and the patient was treated with surgical decompression. Injury to the LCNC is uncommon, but this nerve can be compressed near the FH owing to the thickening of structures such as the fibrous band, indicating the entrapment symptom \[[@b4-arm-2019-43-6-700]\]. Such cases may be confused with common fibular neuropathy or L5 radiculopathy, but there is limited research on this nerve. In the dissection performed in the present study, the LCNC was organized from the various origins as the lateral and medial sides of the CFN and LSCN.

A study assessed variations in the medial sural cutaneous nerve, LSCN, and peroneal communicating nerve through the dissection of 50 lower limbs \[[@b8-arm-2019-43-6-700]\]. In that study, the LSCN was absent in 18% of cases and arose directly from the CFN in 66%. According to Pyun and Kwon \[[@b9-arm-2019-43-6-700]\] and Ramakrishnan et al. \[[@b10-arm-2019-43-6-700]\], the origin of the sural nerve is also very diverse. The subtypes are determined according to the presence of the peroneal communicating nerve, LSCN, and medial sural cutaneous nerve. In other words, the presence of these nerves varies among individuals; therefore, the origin of the LCNC is also variable.

Examination of the LCNC is difficult due to the presence of several variations. The nerve conduction method described by Lee and DeLisa \[[@b5-arm-2019-43-6-700]\] recommends that the examiner should stimulate the nerve by placing the cathode 2 cm posterior and 4 cm proximal to the FH and placing the E1 electrode 12 cm distal to the cathode in the direction of the calcaneus. In all types, distances between the branching point of the LCNC and FH were variable, from 13.0 mm (1.3 cm) to 30.0 mm (3 cm). If the conduction study does not present good results, the examiner can try stimulating a point closer to the FH.

The study of Campagnolo et al. \[[@b11-arm-2019-43-6-700]\] described an orthodromic and antidromic conduction technique for the stimulation of the LCNC. The method described by Lee and DeLisa \[[@b5-arm-2019-43-6-700]\] was used, and 64 lower limbs were enrolled. Considering the small size of the LCNC, small sensory nerve action potential (SNAP) was acceptable. In 21 limbs, conduction was possible using both antidromic and orthodromic techniques, and SNAP was unobtainable in all 4 limbs. The antidromic method was more responsive than the orthodromic method, and the latter method was shown to have less diagnostic significance. As the LCNC has a small size and many variations, both antidromic and orthodromic methods need to be used in studies.

The present study has a few limitations. First, the number of dissected limbs was small and too limited to assess the CFN around the knee. More cadaveric studies can help to generalize the anatomical course and branching patterns of the CFN. Second, most fresh cadavers had been in a long disease period and bedridden; thus, there was a high likelihood of prior compression of the CFN. Additionally, it would also be helpful to compare our study results with sonography results from living people.

In conclusion, an anatomical correlation between the FH and CFN at the mid-FH level could be related with the development of common fibular neuropathy around the knee level because of stretching or compression on the FH.

There were various branching patterns of the cutaneous nerves of the CFN around the popliteal fossa, especially the LCNC, which would be related to mononeuropathy of the LCNC, although the condition is rare.
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![Lateral cutaneous nerve of the calf.](arm-2019-43-6-700f1){#f1-arm-2019-43-6-700}

![Relationship between the fibular head and common fibular nerve. FH_width, the fibular head width; FH_CFN, the distance between the common fibular nerve and the anterior margin of fibular head.](arm-2019-43-6-700f2){#f2-arm-2019-43-6-700}

![Graph of the common fibular nerve thickness at each site. Values were presented as median. Ranges (minimum--maximum) were indicated by the error bars. FH+n cm, n cm above the fibular head; FH, fibular head; Mid FH, midpoint of the fibular head; FN, fibular neck.](arm-2019-43-6-700f3){#f3-arm-2019-43-6-700}

![Branching pattern of the lateral cutaneous nerve of the calf (LCNC). (A) LCNC originated from the lateral margin of the common fibular nerve. (B) LCNC originated from the medial margin of the common fibular nerve. (C) LCNC originated from the lateral sural cutaneous nerve (LSCN). (D) Two LCNC originated from the lateral margin of the common fibular nerve and the LSCN. The yellow line corresponds to the LCNC. FH, fibular head.](arm-2019-43-6-700f4){#f4-arm-2019-43-6-700}

###### 

Common course of the fibular nerve at the fibular head and common fibular nerve angle at 5 cm proximal to the fibular head

                            Cross type (n=15)   Posterior type (n=6)   p-value
  ------------------------- ------------------- ---------------------- -----------------------------------------------------------
  Age (yr)                  81.0 (84--89)       78.5 (69--85)          0.569
  FH_CFN (mm)               20.0 (14.9--24.5)   23.0 (19.0--27.9)      0.080
  FH_width (mm)             26.8 (20.8--31.5)   21.5 (12.0--27.9)      0.023^[\*](#tfn1-arm-2019-43-6-700){ref-type="table-fn"}^
  Ratio (FH_CFN/FH_width)   0.83 (0.59--0.88)   1.04 (1.00--1.58)      0.000^[\*](#tfn1-arm-2019-43-6-700){ref-type="table-fn"}^
  Angle (°)                 13.0 (8.0--20.5)    11.0 (9.0--17.0)       0.340

Values were presented as median (minimum--maximum).

Cross type, case in which the common fibular nerve course was across the fibular head; Posterior type, case in which the common fibular nerve course was posterior to the fibular head; FH_CFN, distance between the common fibular nerve and anterior margin of the fibular head; FH_width, fibular head width; Angle, angle between the common fibular nerve and tibial nerve 5 cm proximal to the fibular head.

p\<0.05.

###### 

Origin type of the LCNC and distance between the tip of the fibular head and the branching point of the LCNC

            LCNC origin                       Number of cases   Distance (mm)
  --------- --------------------------------- ----------------- --------------------
  Type 1a   Lateral margin of the CFN         5                 30.0 (20.0--59.2)
  Type 1b   Medial margin of the CFN          5                 10.1 (-6.0--48.0)
  Type 2    LSCN                              10                24.0 (-22.0--35.5)
  Type 3    Lateral margin of the CFN; LSCN   1                 13.0

Values were presented as median (minimum--maximum). Minus value indicates that the LCNC courses was medial to the origin nerve.

Distance, distance between the fibular head and the lateral cutaneous nerve branching point; LCNC, lateral cutaneous nerve of the calf; CFN, common fibular nerve; LSCN, lateral sural cutaneous nerve.
